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Abstract: Understanding the activity budgets of primates is essential for assessing
behavioral adaptations to environmental changes. This study investigates the seasonal
variation in activity budgets of olive baboons (Papio anubis) in Kainji Lake National
Park, Nigeria. Data were collected over two consecutive years using direct observations
and scan sampling to categorize behaviors (including feeding, grooming, resting,
locomotion, and social interactions). We observed that feeding remained the dominant
activity across seasons, with no significant differences between wet and dry periods.
Grooming and social interactions declined during the wet season, likely due to
environmental constraints such as heavy rainfall. Enforced resting increased significantly
in the wet season, while movements remained consistent in duration but increased in
distance traveled, suggesting seasonal behavioral shifts in response to resource
availability. Our results document the adaptability of olive baboons in response to
climatic variations, demonstrating behavioral flexibility to optimize energy expenditure
and foraging efficiency. Our study also reveals a remarkable impact of environmental
variables, such as temperature and precipitation, on primate activity patterns.
Understanding these adaptive responses is crucial for conservation planning, particularly
as climate change, habitat disturbances and other anthropogenic activity affect primate
habitats in tropical savannahs.
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Introduction

Activity budgets of primates are fundamental to understanding behavioral adaptations,
as primates modulate their behavior in response to seasonal and climatic variations (Campos
and Fedigan 2009; Dunbar et al. 2009; Guan et al. 2018). Environmental variables, including
temperature, precipitation, and water availability, can significantly influence daily activity
budgets and habitat utilization. For instance, cold conditions may restrict home range sizes,
while extreme heat can promote shade-seeking behavior and reduces foraging time (Dunbar
1992; Hill 2005, 2006; Abie et al. 2017). Understanding these adaptive responses is critical
for primate conservation, as seasonal fluctuations can shape behavioral strategies, distribution
patterns, extirpation and extinction risks (Dunbar et al. 2009; Korstjens et al. 2010; Struhsaker
2010; Lambert 2011).

Primate activity budgets vary across taxa, with different groups, such as colobines, cer-
copithecines, and hominoids, displaying distinct temporal allocations to key behaviors. One
of the primary determinants of activity patterns is diet, with frugivorous primates generally
allocating more time to feeding and locomotion, and less time to resting compared to foliv-
orous species (Richter et al. 2013; Hendershott et al. 2016; Bach et al. 2017; Ruppert et al.
2018; Yap et al. 2019; Oni et al. 2024). This is the case of the colobines which devote signif-
icant time to resting due to the low energy yield of their diet, highlighting how food avail-
ability and distribution influence movement patterns and social structures (Dunbar et al. 2009;
Fashing 2011; Jung et al. 2015; Klass 2020; Arseneau-Robar et al. 2020). In contrast, cerco-
pithecines, which have more generalized and omnivorous diets, exhibit greater behavioral
flexibility in their activity allocation (Dunbar 1992; Ajayi et al. 2020). Their foraging strate-
gies are closely linked to the nutritional quality of available food resources (Riley 2008;
Kumpan et al. 2019). For example, baboons (Papio spp.) tend to modify their activity budgets
in response to thermal stress, increasing resting periods during high temperatures while bal-
ancing this with their foraging requirements (Korstjens et al. 2010). In extreme heat, where
prolonged resting can constrain energy intake, behavioral adaptations such as crepuscular
foraging—feeding during dawn and dusk—may enhance survival (Hill 2006).

Social factors also play a crucial role in shaping primate time budgets. Chimpanzees (Pan
troglodytes (Blumenbach, 1775)) and gorillas (Gorilla spp.) exhibit complex social behaviors,
including tool use and intricate social interactions, which significantly influence their daily
routines (Hill et al. 2003). Furthermore, primates residing in human-disturbed environments
demonstrate altered activity budgets compared to those in undisturbed forests, with changes
in foraging behavior, rest periods, and social interactions driven by anthropogenic pressures
(Krebs and Davies 1993; Mey Boudoug et al. 2025). Environmental stressors can also disrupt
social cohesion and group dynamics, impacting resource acquisition, competition, and mating
strategies (Maurice et al. 2020).

Baboons (Papio spp.) are considered to be among the most ecologically adaptable pri-
mates, occupying diverse habitats across Africa and exhibiting substantial behavioral plas-
ticity in response to seasonal changes, resource availability, and environmental pressures
(Hill 2005; Melle and Lameed 2018). Previous studies indicate that high temperatures can
reduce foraging activity and increase resting behaviors to mitigate heat stress, while pro-
longed rainfall can limit movement and enforce extended periods of inactivity (Hill 2006;
Joseph 2016).

In the present study, we focus on a population of olive baboons (Papio anubis (Lesson,
1827)) in a protected Guinea savannah habitat in Nigeria, aiming to analyze the seasonal
influences on activity budgets. Specifically, we aimed to answer the following research
questions:
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1. How do seasonal variations in rainfall and temperatures affect the activity budgets of
olive baboons?

2. To what extent are baboon movements influenced by the rainfall patterns (i.c. by the wet
versus dry seasons)?

3. Can we indirectly establish whether resource availability during different seasons shape
movement patterns and foraging behavior?

Materials and methods

Study area

Kainji Lake National Park is located in the North central part of Nigeria, at 9°50°19”N
and 4°34°24”E (Figure 1). More specifically, we carried out the study in Borgu sector of
Kainji Lake National Park (KLNP), located in Niger and Kwara States with an area of
3,970.02 km?. The park’s two sectors (Borgu and Zugurma) are located between 9°57°55.9”N
4°09°05.0”E and 9°43°35.3”N 4°55°27.2”E. The two sectors cover a total area of 5,340.82
km? and are separated by the Kainji Lake (Aremu et al. 2000; Oni et al. 2024).

The park has two different seasons, namely, wet and dry season. The wet season occurs
from April to October and is marked by an average monthly rainfall of 134.43+95.23 mm,
along with high vegetation productivity; and the dry season, lasting from November to March,
characterized by minimal to no rainfall (5.40+12.07 mm) and low vegetation productivity
(Oni et al. 2024). Annual rainfall in the park ranges between 975 mm and 1,220 mm (Ayeni
2007). While temperatures remain relatively stable throughout the year, they tend to rise start-
ing in January, peaking in March/April (average monthly temperature: 37.68+2.95°C), and
then decline with the onset of the rains, reaching their lowest point in August (average monthly
temperature: 23.4+2.82°C) (Oni et al. 2024). The park is managed by the federal government
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Figure 1. Map of Kainji Lake National Park (source: Oni et al. 2024).
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and is surrounded by several human communities, with some as close as less than three kilo-
meters. It remains open to tourists year-round, with peak visitation occurring during festive
periods and the dry season, when wildlife sighting is generally higher (Oni et al. 2024).

Protocol

Direct observations of Papio anubis troops were conducted daily between 06:30 and 18:00
h for two weeks each month during both the wet (April-October) and dry (November—March)
seasons over two consecutive years (2017 and 2018) (Oni et al. 2024). Observations followed
the scan sampling method (Eustace et al. 2015), in which two observers systematically
recorded the predominant activity of the baboon troop at regular time intervals.

Random searches were conducted along predetermined jeep tracks—Gilbert Child Track
(GC), Hussain Mashi Track (HM), and Shehu Shagari Track (SS)—to locate and track baboon
troops. Jeep tracks were chosen as starting points due to the increased likelihood of baboon
sightings along these routes, facilitating efficient observational studies.

The observed behaviors were categorized into feeding, grooming, free resting, enforced
resting, locomotion, and social interactions (Korstjens et al. 2010; Joseph 2016; Abu et al.
2018), even when baboons were at a distance from the roads. Behavioral classifications were
as follows:

» Feeding: any activity involving the consumption of food and taking water.

*  Grooming: the process in which one baboon removes ectoparasites or debris from another.

» Free resting: voluntary resting periods not influenced by external factors.

* Enforced resting: resting periods imposed by adverse environmental conditions such as
extreme temperatures, heavy rainfall, or flooding.

* Locomotion: time spent in directed movement, including walking and running, when no
other activity (e.g., feeding, grooming, or social interaction) is observed in most group
members.

* Social behavior: interactive activities between individuals, such as mating, playing, playful
biting, chasing, or other affiliative and agonistic interactions.

Upon encountering a troop, focal observations were conducted continuously for 15 min-
utes (Eustace et al. 2015; Fashing 2001; Fernandez-Duque 2003). If an activity lasted for less
than 15 minutes, observations were recorded based on the actual duration of engagement in
the activity (Oni et al. 2024). To minimize observational biases caused by sudden or simul-
taneous behaviors at the time of sighting, behavioral recording commenced approximately
five seconds after locating a troop (Eustace et al. 2015). When direct observation of the ba-
boon troop was obstructed by dense vegetation, indirect survey methods were employed (Oni
et al. 2024). Indicators such as food remnants, footprints, and fecal droppings were docu-
mented as alternative measures of baboon activity. Feeding was identified from food remains
(e.g., fruits, leaves), resting was recorded when no such evidence was found, and continuous
movement without feeding signs was classified as locomotion.

Data analysis

Both descriptive and inferential statistical analyses were performed. Frequency distribu-
tion analysis was utilized to determine the percentage allocation of activity budgets during
the wet and dry seasons by using the non-parametric Mann-Whitney U test. This test was se-
lected to compare two independent groups (wet and dry seasons) when the dependent vari-
able—measured in hours or minutes—was either ordinal or continuous but not normally
distributed. The analyzed behaviors (feeding, grooming, free resting, enforced resting, move-
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ment, and social interactions) were introduced in the analysis as dependent variables. Statis-
tical significance was set at p<0.05, with all tests being two tailed. In the text, means are fol-
lowed by 1 Standard Deviation.

Results

Feeding was the most frequently observed behavior, accounting for 36% of the total
activity budget in both seasons, with 523 recorded instances in the dry season and 530 in
the wet season (Table 1). Grooming exhibited a seasonal decline, decreasing from 9% (135
occurrences) in the dry season to 6% (89 occurrences) in the wet season. The interseasonal
differences fell just short of statistical significance (Table 2). Enforced resting increased

Table 1. Distribution of olive activity budget for wet and dry season, in terms of within-season
percentage (and standard deviation).

Feeding 36%+6.43 36%+4.53
Grooming 6%+2.19 9%+2.19
Enforced rest 27%+0.07 15%+0.07
Free rest 5%=+0.28 8%+2.19
Moving 20%+2.9 19%+0.49
Social behavior 6%=1.48 13%+0.35
Distance travelled 132+1.9 km 98.6+0.8 km

Table 2. Mann-Whitney U test results for the activity budget of olive baboons during the wet and
dry season.

Feeding Dry 30 30.35 910.50 0.950
Wet 30 30.65 919.50
Total 60

Grooming Dry 30 34.68 1040.50 0.060
Wet 30 26.32 789.50
Total 60

Enforced rest Dry 30 22.90 687.00 0.001*
Wet 30 38.10 1143.00
Total 60

Free rest Dry 30 31.98 959.50 0.510
Wet 30 29.02 870.50
Total 60

Moving Dry 30 29.08 872.50 0.533
Wet 30 31.92 957.50
Total 60

Social behavior Dry 30 38.37 1151.00 0.000*
Wet 30 22.63 679.00
Total 60

Distance travelled Dry 30 23.10 693.00 0.001%*
Wet 30 37.90 1137.00
Total 60

*Significantly different.
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significantly, rising from 15% (219 occurrences) in the dry season to 27% (408 occur-
rences) in the wet season, whereas free resting decreased from 8% (120 occurrences) to
5% (79 occurrences). Movement remained relatively stable, constituting 19% (276 occur-
rences) of activity in the dry season and 20% (291 occurrences) in the wet season. Social
behavior declined considerably, dropping from 13% (189 occurrences) in the dry season
to 6% (92 occurrences) in the wet season. Additionally, the distance traveled by baboons
varied between seasons, with an average of 98.6 km (+1.9) recorded during the dry season
and 132 km (£0.8) during the wet season (Table 1). Statistical details of the behavioral dif-
ferences between baboons’ seasons are presented in Table 2.

Discussion

General considerations

In general, our study focused on the seasonal (wet and dry) influences on the activity
budgets of olive baboons but did not assess specific environmental conditions, which may
also significantly affect their activity patterns. In addition, although tourism activities occur
throughout the year in the park, our study did not include anthropogenic factors, which may
also impact olive baboon activity patterns. Despite these limitations, we believe that our find-
ings represent valuable information that can be used to help inform future efforts to protect
primates in protected Guinean savannahs of West Africa.

Our findings demonstrate that olive baboons prioritized their activities in the following
order: feeding, movement, enforced rest, social behavior, and free rest. This pattern mirrors
findings made from previous studies on baboon activity budgets in Gashaka Gumti National
Park in Nigeria (Joseph 2016), Ndarakwai ranch in Tanzania (Conway 2009), and South of
the Rift Valley at Indetu in Ethiopia (Abu et al. 2018). However, notable differences can be
observed when compared to other primates, such as long-tailed macaques (Macaca fascicu-
laris (Raffles, 1821)), where movement dominates daily activity budgets (Mohammad and
Wong 2019). These variations may stem from factors such as habitat type, food availability,
and social organization. Previous studies have also shown that macaques in anthropogenic
environments exhibit different movement patterns compared to conspecifics from more nat-
ural environments which travel greater distances in search of food (McKinney 2011; Hockings
et al. 2012; Sha and Hanya 2013).

Feeding behavior and seasonal stability

Our results revealed that feeding was the most dominant activity in the olive baboon’s
daily routine. Contrary to expectations, seasonal variation appeared to have no significant
effect on feeding behavior, as baboons spent comparable amounts of time feeding during
both wet and dry seasons. This suggests dietary flexibility, allowing baboons to exploit a va-
riety of available resources year-round. Indeed, this characteristic has already been referred
to in previous studies (Joseph 2016). Olive baboons’ ability to incorporate a wide range of
food sources into their diet (Oni et al. 2024) ensures nutritional stability across seasons, re-
inforcing their status as highly adaptable foragers (Abu et al. 2018; Joseph 2016). However,
protecting diverse habitats that support year-round food availability is therefore crucial for
olive baboons’ conservation in the Kainji Lake National Park.

Grooming and social behavior

Grooming, a key aspect of primate sociality, exhibited a slight seasonal shift. Al-
though falling short of statistical significance, grooming was more prevalent during the
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dry season, a trend that contrasts with findings in Gelada baboons (Theropithecus gelada
(Ruppel, 1835)) (Abu et al. 2018). The increase in grooming observed during the dry
season may be attributed to more favorable weather conditions, allowing for prolonged
social interactions (Bronikowski and Altmann 1996; Alberts et al. 2005; Alberts 2019).
Conversely, the decline in grooming during the wet season suggests that environmental
constraints, such as persistent rainfall at the study area, may reduce the necessity or fea-
sibility of social bonding activities (Alberts 2019). Field observations indicated that
grooming was particularly intense when food was scarce, particularly in the late dry sea-
son (January—March) (Oni et al. 2024), suggesting a social function beyond hygiene,
such as tension reduction and reinforcing group cohesion (Hambali et al. 2012; Abu et
al. 2018; Alberts 2019).

Social behavior exhibited a pronounced seasonal decline, decreasing from 13% in
the dry season to 6% in the wet season. As mentioned above, this reduction may be linked
to heavy rainfall, which likely limits opportunities for group interactions (Hanya et al.
2011; Abie et al. 2017). Baboons were frequently observed seeking shelter under tree
canopies during intense rainfall, restricting social engagement. In the dry season, pro-
longed grooming sessions may also serve a thermoregulatory function, mitigating heat
stress (Grow et al. 2014).

Impact of seasonal variation on resting and movements

Enforced rest increased significantly during the wet season, likely due to prolonged rain-
fall, which restricted movement and, perhaps, foraging efficiency (although the activity budg-
ets for feeding were grossly similar between seasons). Similar patterns have been documented
in other primates, where inclement weather leads to increased inactivity (Hill 2005). While
voluntary (free) rest showed a minor seasonal decline (from 8% in the dry season to 5% in
the wet season), this variation may be attributed to temperature fluctuations. Unlike nocturnal
species, olive baboons spend minimal time resting unless environmental factors impose con-
straints (Mohammad and Wong 2019).

Movement patterns remained relatively stable across seasons in terms of time allocation
(19% in the dry season vs. 20% in the wet season). However, travel distance differed signif-
icantly, with baboons covering higher distances during the wet season. We suggest that ba-
boons traveled longer distances in the wet season in response to increased food availability
(Oni et al. 2024). Similar trends have been observed in primates exploiting seasonally patchy
food resources, with greater travel distances linked to higher-quality foraging opportunities
(Kanamori et al. 2010).

Restricted movements in the dry season may be an energy-conserving strategy (Whiten
etal. 1991), particularly when food resources are limited to gallery forest areas with perennial
water sources (Johnson et al. 2015). In this regard, it should be mentioned that fruits have a
high relevance in the diet of the local baboon population both in dry and in wet season (Oni
et al. 2024), and fruit trees are often displaced nearby water sources. However, this pattern
was not observed in Gelada baboons, which maintain more extensive ranging behavior despite
seasonal constraints (Abu et al. 2018).

Seasonality, environmental stressors, and conservation implications

Our results are consistent with previous research indicating a strong correlation between
rainfall and food availability in primates (Gonzalez-Zamora et al. 2014). Increased moisture
during the wet season supports plant growth, providing a diverse array of food sources
(Chaves and Bicca-Marques 2016). While some food resources persist beyond the wet season,
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seasonal fluctuations still influence foraging behavior. Rainfall had a greater restrictive effect
on baboon activity than temperature; while high temperatures prompted baboons to seek
shade, rainfall disrupted multiple activities, including movement, feeding, and grooming.
Abie et al. (2017) reported similar findings, demonstrating that enforced rest due to rainfall
reduces feeding time and food diversity access.

These seasonal behavioral shifts have important ecological and conservation impli-
cations. Climate change, habitat fragmentation, and increased human disturbances could
exacerbate environmental stressors, further influencing baboon activity patterns. Under-
standing how baboons adapt to seasonal fluctuations may be useful for conservation plan-
ning, particularly in regions facing unpredictable climatic changes. Incorporating
long-term behavioral monitoring into conservation efforts can provide valuable insights
into population health, habitat use, and adaptive responses — supporting more informed
and responsive management practices.

Overall, conservation strategies must consider both ecological and behavioral responses
to seasonal changes and human-induced stressors to ensure the long-term viability of primate
populations.

Conclusions

Our study contributes to a deeper understanding of how seasonality influences primate
behavior, focusing on adaptive strategies that have not been extensively examined in the
study area (Lameed 2008; Ikpa et al. 2011; Adeola et al. 2014; Joseph 2016; Odebiyi 2017;
Ajayi et al. 2020). As also showed by earlier analyses, our study describes the dynamic nature
of baboon activity, emphasizing the role of seasonality in shaping behavioral strategies. Future
research should explore the long-term impacts of climate variability as well as the anthro-
pogenic effect on olive baboon populations and their activity budgets, with a focus on habitat
management and conservation interventions necessary for sustaining primate populations in
increasingly unpredictable environments.
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